Vitamin D deficiency (defined as serum 25(OH)D ≤37.5 nmol/L) was present in 35.5% of study subjects. There were no clear patterns of differences in serum 25(OH)D concentrations across the four age groups compared (6-9 years, 10-13 years, 14-16 years, and 17-18 years).
Introduction
Vitamin D is essential for bone health as one of its major functions is to promote calcium absorption in the intestine. Calcium and phosphorus are required for bone mineralization, a critical process for bone growth among children and adolescents [1] . There are three sources of vitamin D for human subjects: foods (e.g. fatty fish, egg yolk), supplements [ [6] . Vitamin D deficiency is more pronounced among adolescents and elderly people in developing countries with limited consumption of vitamin D-rich foods and infrequent use of vitamin supplements [6, 7] , with a reported global prevalence of 30%-80% in children [2] . China is a developing country with a huge number of school children. However, data regarding vitamin D status in Chinese populations, especially children and adolescents, are scarce.
Childhood and adolescence are critical periods of time for bone growth. In a prospective cohort study of Canadian school children, 35% of total body bone mineral accrued during four peripubertal years [8] . A growing body of evidence indicates that subjects with higher peak bone mass acquired by early adulthood experience a lower risk of osteoporotic fractures 5 later in life [9, 10] . This protective effect of early-life origin is biologically plausible as osteoporosis risk is determined by the level of peak bone mass accrued during childhood and adolescence and the rate of bone loss during aging [11] . It is thus important to measure bone mineral density (BMD) for the identification of children and adolescents with low BMD who are at increased risk of developing osteoporosis and subsequent fractures.
Despite the role of vitamin D in bone mineral deposition, it remains inconsistent across previous studies whether circulating 25(OH)D concentrations are associated with BMD among free-living individuals, particularly children and adolescents [12, 13] . Furthermore, the determinants of BMD are not well understood among these subjects at the population level. Therefore, the present study sought to investigate these research questions and to estimate the prevalence rates of vitamin D deficiency and low BMD among school children in Yinchuan, the capital city of the Ningxia Hui Autonomous Region, an economically underdeveloped province in Northwest China.
Materials and Methods

Study subjects
A total of 1582 school children, aged 6-18 years (including 617 Han ethnic males, 612
Han ethnic females, 139 Hui ethnic males, and 214 Hui ethnic females) were recruited from Yinchuan (latitude: 38 0 N) from September to November 2015, using the stratified random sampling method. Children were eligible if they had lived in Yingchuan with their parents or guardians for more than six months prior to the start of the study, were free from metabolic bone disease, and did not use hormone preparations or therapeutic doses of vitamin D. One elementary school, one middle school, and one high school were randomly selected from all schools in each of these three levels of schools in Yinchuan, respectively. Each grade was considered as a single sampling stratum. Two classes were randomly selected from each of 12 grades. However, one more class was chosen from the first, sixth, ninth, and twelfth grades to ensure that at least 50 boys and 50 girls were enrolled to the study from each of 13 age groups considered. After exclusion of ineligible students from 28 selected classes, 1582 children were finally enrolled to the study. The study protocol was approved by the Research Ethics Committee of Ningxia Medical University, and written informed consent was obtained from the parents or guardians of all recruited children.
Questionnaire data and anthropometric measurements
In-person interviews with selected school children were conducted by trained research staff using a risk factor questionnaire. If students were 6-9 years of age, the questionnaire was completed by their parents or guardians. Students who were 10-18 years of age responded to the questionnaire by themselves. The information solicited through the questionnaire included age, gender, race, school, grade, cigarette smoking (never, attempted, and current), alcohol consumption (never, attempted, and current), time spent on outdoor activity (day/week), nocturnal emission (yes or no), regular menstruation (yes or no), and medical history. Height without shoes were measured to the nearest 0.1 cm and weight with light clothes were determined to the nearest 0.1 kg, using a portable weighing scale with height rod (TXRGZB-200-RT). Both height and weight were quantified twice for each subject and two measurements were averaged and used in data analysis.
Serum 25(OH)D measurements
After blood samples were collected from study subjects, serum was separated and stored log-transformed to improve the normality of distribution. Sex-specific multiple linear regression was used to examine the associations of TBLH BMD with serum 25(OH)D, age, race (Nan vs. Hui), height, weight, regular menstruation (yes/no; for girls only), nocturnal emission (yes/no; for boys only), and time spent on outdoor activity. These independent variables were examined because they are potential BMD predictors. Standardized regression coefficients were computed to evaluate the relative contributions of these variables to variations in TBLH BMD. In addition, the relations between age and TBLH BMD were plotted separately for all boys and all girls. Statistical analysis was performed using SPSS version 23 (Armonk, NY). A p-value of <0.05 was considered statistically significant.
Results
The mean ages (SD) of boys and girls were 12.4 (3.6) and 12.9 (3.6) years, respectively.
Boys were overall taller and heavier than girls. While 24.6% of girls underwent regular menstruation, 16.5% of boys experienced nocturnal emission ( Table 1) .
The median concentrations of 25(OH)D were 50.5 nmol/L, with an interquartile range (IQR) of 30.5-94.9 nmol/L. Vitamin D deficiency was present in 35.5% of this study population (Table 2 ). There were no clear patterns of differences in serum 25(OH)D concentrations across the four age groups compared, with the highest concentrations observed in the youngest age group (6-9 years). Mean concentrations of 25(OH)D among boys (50.5 nmol/L) were almost identical to those among girls (50.7 nmol/L) (data not shown).
As expected, there was a significant, monotonic increase in BMD with age for total body 9 and all skeletal sites measured (all p values <0.0001) ( Table 3) Multiple linear regression analysis revealed highly significant, positive associations of age, height, and weight with TBLH BMD in both boys and girls. Time spent on outdoor activity was inversely but weakly associated with TBLH BMD in boys (p=0.025). There were no significant associations of serum 25(OH)D, race, and nocturnal emission with TBLH BMD, but a marginally significant association between regular menstruation and TBLH BMD was observed (p=0.06). All variables included in the models accounted for 86.7% and 86.1% of variation in TBLH BMD in boys and girls, respectively. Standardized regression coefficients indicated that age, weight, and height were the main predictors of TBLH BMD in both sexes (Table 4 ). In addition, body mass index (BMI) was also positively associated with TBLH BMD in both boys and girls (all p<0.0001) after adjustment for all other relevant variables in (Table 5) . Similar weak or null associations were observed when analyses were performed separately for subjects with vitamin D sufficiency, insufficiency, and deficiency, although some correlations were statistically significant primarily due to large sample size.
Discussion
In the present study, we found that vitamin D deficiency and low TBLH BMD were present among 35.5% and 1.8% of school children examined, respectively. Serum 25(OH)D concentrations were overall not associated with BMD for total body and at various skeletal sites. The major determinants of TBLH BMD were age, height, and weight for both sexes. Epidemiologic studies have revealed that BMD is a risk factor for osteoporotic fracture the present study due to lack of data but intend to investigate these associations among Chinese children in future studies.
We did not find a significant correlation between serum 25(OH)D concentrations and BMD for total body and at measured skeletal sites among school children in Northwest China, high-performance liquid chromatography (r=0.88) [53] . Physical activity was analyzed as time spent on outdoor activity (day/week) in our study, and it is preferable to have more accurate and extensive data on physical activity to better evaluate its effect on BMD. Pubertal maturation normally assessed with Tanner Staging is a determinant of BMD but was not 15 included in our statistical analysis due to lack of data. Parathyroid hormone is vital to bone remodeling as it regulates serum concentrations of calcium and phosphorus. Our inability to evaluate the effect of parathyroid hormone on BMD among Chinese school children is another limitation of the present study.
In summary, the present study revealed that more than one third of school children in a Northwest Chinese city are deficient in vitamin D and that a small proportion of children have developed low BMD. Dietary enhancement or supplementation of vitamin D should be considered for these children and adolescents to ensure that they achieve optimal peak bone mass. More studies are warranted to investigate the associations of demographic, anthropometric, and particularly modifiable lifestyle factors (e.g. diet, alcohol consumption, cigarette smoking, physical activity) with BMD and other bone health parameters among children and adults with different dietary habits, socioeconomic status, and genetic background.
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